High-dose Mycobacterium bovis-infected mice fed a vitamin A acetate-supplemented diet developed a positive skin reaction to purified protein derivative of mycobacteria, and their spleen cells showed an increased IL-2 production in vitro.
Mice infected intravenously with high doses of Mycobacterium bovis BCG fail to develop delayed type hypersensitivity to a purified protein derivative (PPD) of mycobacteria in vivo, and their immunological responsiveness in vitro is diminished (summarized in reference 12). We have found that this impairment of responsiveness is at least partially due to the presence of suppressor cells releasing a nonspecific suppressor factor that blocks the production of interleukin-2 (IL-2) (3). This view has been corroborated by recent experiments showing that either in vitro or in vivo administration of exogenous IL-2 reverses BCG-induced unresponsiveness (2) .
A number of studies have demonstrated immunopotentiating effects of vitamin A and its derivatives (retinoids). For instance, the supplementation of an otherwise normal diet by vitamin A acetate (VAA) interferes with the inception (11) and maintenance (lla) of transplantation tolerance and augments host-versus-graft responses (9) and resistance to antigenic tumor transplants (8) in mice. It has also been reported that retinoid supplementation increases resistance to various infections (1, 5) . The molecular basis ofimmunopotentiation by vitamin A is unknown. However, since retinoids both induce a higher frequency of IL-2-producing cells in mice, as assessed by a limiting dilution analysis (Malkovsky et al., manuscript in preparation), and increase IL-2 production by lymphoid cells stimulated with alloantigens (G. Dennert, Ciba Found. Symp., in press), it is conceivable that the enhancement of IL-2 activity may be one of the important aspects of the action of retinoids. In light of these findings, we decided to investigate whether the VAA diet influences the immune response during M. bovis BCG infection in mice.
The sex-and age (9 to 12 weeks old)-matched CBA mice used in these experiments were maintained on a conventional diet (Spratts Laboratory Diet 1, Spillers) ad libitum, either with or without supplementary VAA (0.5 g per kg of conventional diet) in the form of stable gelatinized beadlets (Roche) as described previously (8, 9) . The VAA diet had been commenced 6 weeks before mice received an intravenous injection of 3 x 107 viable M. bovis BCG cells (kindly provided by Glaxo, Middlesex, England) in 0.5 ml of phosphate-buffered saline. Spleen cells were taken 14 days after the injection of M. bovis BCG and incubated as single-cell suspensions depleted of erythrocytes (7) Dilution of IL-2 containing supernatants (%) 5 Ci mmol-1; The Radiochemical Centre, Amersham, England) was added to each well. CTLL cells were harvested after 24 h with a multicell cell harvester, and thymidine incorporation was determined by liquid scintillation counting (7). Radioactivity was expressed as counts per minute (cpm) of triplicate cultures. Figure 1 shows the presence of IL-2 activity in the culture supernatants of spleen cells stimulated with PPD. Spleen cells from M. bovis BCG-infected mice on the conventional diet released little IL-2, whereas spleen cells from M. bovis BCG-infected and VAAfed mice produced high levels of To ascertain the influence of VAA supplementation on the reactivity to PPD in vivo, we challenged mice by injecting 20 jig of PPD (Central Veterinary Laboratories, Weybridge, Surrey, England) into both hind footpads 14 days after the injection of M. bovis BCG. The footpad thickness was measured with a dial gauge, and the increase due to swelling after 24 h was expressed in units of 10-2 mm. The negative control group consisted of uninfected mice challenged with PPD. The ability of VAA supplementation to augment delayed hypersensitivity to PPD in M. bovis BCG-immunosuppressed mice is shown in Table 1 . M. bovis BCG-infected mice on the conventional diet displayed a poor response to PPD, whereas VAA-fed littermates mounted a strong skin reaction. No differences between the groups of uninfected mice on the conventional or VAA-supplemented diet were observed when they were challenged with PPD (Table 1) . Histological examinations of challenged hind footpads revealed a marked cellular infiltration in M. bovis BCG-infected and VAA-fed mice ( Fig. 2A) and a very poor inflammatory reaction in M. bovis BCG-infected mice on the conventional diet (Fig. 2B) .
The present data indicate that the functional activity of IL-2-secreting T cells and delayed type hypersensitivity-mediating T cells is significantly influenced by BCG and VAA. The lymphocytotrophic hormone IL-2 appears to be vital for some T cell functions (10) , and the deficiency in its production found in other mycobacterium infections, such as Mycobacterium leprae in humans (4) and Mycobacterium lepraemurium in mice (6) , is associated with the inability of the host to develop resistance to the infection. Therefore, further studies of the effect of retinoids on immunosuppression induced by bacteria could provide relevant information about the induction and development of protective antibacterial immunity.
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